Rationale: Diabetes mellitus is frequently complicated by cardiovascular disease, such as vascular calcification and endothelial dysfunction, which have been associated with bone morphogenetic proteins (BMPs).
D iabetes mellitus is associated with severe cardiovascular complications, including vascular calcification and accelerated atherosclerosis, leading to increased morbidity and mortality in diabetic patients. [1] [2] [3] Vascular calcification is frequently seen in 1 of 2 forms, atherosclerotic lesion calcification and medial calcification (also referred to as media sclerosis or Mönckeberg disease). Medial calcification, in particular, is considered to be a characteristic of diabetes 4 and occurs along the elastic lamellae. Both types of calcification involve activation of osteogenic cell differentiation. 5, 6 Diabetes also causes endothelial dysfunction, [7] [8] [9] which promotes diabetic vascular disease. Even though a number of signaling pathways have been implicated in diabetic vasculopathy, [5] [6] [7] 10 the links between hyperglycemia and vascular disease are still incompletely understood.
Bone morphogenetic protein (BMP)-2 and -4 are inflammatory mediators in vascular endothelium responsive to disturbed flow, increased oxidative stress, and inflamma-tion. 11, 12 Increased BMP activity enhances atherogenesis and vascular calcification [13] [14] [15] and may play a role in ocular angiogenesis in diabetic retinopathy. 16 The BMPs belong to the transforming growth factor (TGF)-␤ superfamily and elicit their response via the socalled type I and II receptors. BMP-2 and -4 interact with the activin-like kinase receptor (ALK)2, ALK3, and ALK6, which are type I receptors that form complexes with the BMP type II receptor (BMPRII). 17 In canonical BMP signaling, the receptors phosphorylate specific regulated (R)-SMAD proteins, which translocate into the nucleus and regulate gene transcription. 17 SMAD1/5/8 mediate BMP-signaling, whereas SMAD2/3 mediate TGF-␤ signaling. In previous work, we identified a BMP-triggered pathway that modulates expression of vascular endothelial growth factor (VEGF) in endothelial cells (ECs). 18, 19 In this pathway, BMP-4 interacts with ALK2 to induce expression of ALK1, 20 a related type I receptor that is essential for normal angiogenesis. 21  which stimulates ALK1, 22 mediates induction of matrix Gla protein (MGP), a BMP inhibitor known to limit vascular calcification, 14, 23 and VEGF. Thus, expression of ALK2, ALK1, MGP, and VEGF appears to be closely linked.
Reports from other investigators suggest that vascular BMPs are responsive to hyperglycemia. Bovine vascular smooth muscle cells (SMCs) secrete more BMP-2 when treated with high glucose, 24 vascular expression of BMP-2, BMP-7, and BMPRII increases in early autoimmune diabetes in mice, 25 and aortic BMP-4 increases as diabetes progresses in db/db mice. 26 There is also evidence that diabetes stimulates osteogenic differentiation in aortic myofibroblasts by augmenting the BMP-2/Msx2-Wnt pathway in fat-fed lowdensity lipoprotein receptor-null mice. 10, 27 However, the overall effect of hyperglycemia on vascular BMP activity and its association to vascular disease is still poorly understood.
In this study, we demonstrate that high glucose strongly promotes BMP activity in endothelial cells. We further show high aortic BMP activity in 3 diabetic animal models representative of type 1 and 2 diabetes, in which BMP-4, ALK2, ALK1, and MGP were preferentially detected in proximity to the endothelium. The high BMP activity was associated with a remarkable increase in aortic expression of osteogenic markers and calcification. Increased BMP inhibition, as mediated by a MGP transgene, limited these changes.
Methods
The generation of rats transgenic for human islet amyloid polypeptide (HIP rats) has been previously described. 28 The Ins2 Akita/ϩ mice (heterozygous for a mutation in one allele of the insulin-2 gene) 29, 30 and the db/db mice (homozygous for the spontaneous mutation Lepr db ), 3 both on C57BL/6J background, were obtained from The Jackson Laboratory (Bar Harbor, ME). MGP tg/wt mice, generated in our laboratory on a C57BL/6J background, 31 were crossed with Ins2 Akita/ϩ mice to generate MGP tg/wt ;Ins2 Akita/ϩ mice. Heterozygous MGP tg/wt mice were used because the phenotype was apparent in MGP tg/wt mice and a low birth rate made it difficult to obtain hemizygous MGP tg/tg mice. 31 Genotyping was performed by PCR as previously described. 31 The rats were housed individually and fed Rodent Diet 8604 (50% carbohydrate, 24% protein, and 4% fat; Harlan Teklad, Madison, WI) ad libitum; the mice were fed standard chow (Diet 8604, Harlan Teklad) also ad libitum. All animals were subjected to the standard 12-hour light/12-hour dark cycle. The studies were reviewed by the Institutional Review Board and conducted in accordance with the animal care guidelines set by the University of California, Los Angeles.
An expanded Methods section is available in the Online Data Supplement at http://circres.ahajournals.org and provides details on analytic procedures, cell culture and small interfering (si)RNA transfection, RNA analysis, immunoblotting, immunostaining, alkaline phosphatase (ALP) assay, quantification of calcium deposition, proliferation and tube-formation assays, ELISA, determination of media thickness, histochemical staining, and statistical analysis.
Results

Hyperglycemia Induces the Expression of BMP Ligands, Inhibitors, and Receptors in Human Aortic Endothelial Cells
We hypothesized that hyperglycemia promotes expression of BMP-related proteins in human aortic endothelial cells (HAECs). To test our hypothesis, we treated HAECs for 24 hours with increasing concentrations of glucose (5.5 to 27.5 mmol/L; 5.5 mmol/L is the normal media concentration) or D-mannitol (5.5 to 27.5 mmol/L) as a control. The results showed that the ligands BMP-2 and -4; the inhibitors MGP and Noggin; and the receptors ALK1, ALK3, ALK6, and BMPRII dose-dependently increased, as determined by realtime PCR and immunoblotting ( Figure 1 ). Because the MGP antibodies worked poorly for immunoblotting, immunohistochemistry was performed for MGP ( Figure 1 ). In addition, VEGF, which can be regulated through a BMP-triggered pathway, 18, 19 was 2-fold induced after treatment with 27.5 mmol/L glucose ( Figure 1 ). Human aortic smooth muscle cells (HASMCs) that were treated similarly with glucose or D-mannitol for 24 hours did not show induction of the BMP-related proteins (data not shown). The results suggested that aortic ECs respond readily to hyperglycemia with an increase in BMP ligands, inhibitors and receptors.
Increased BMP Levels and BMP Activity in Media From HAECs Treated With High Glucose
To determine whether the increase in BMP expression resulted in higher secretion of BMP-2 and -4, we determined BMP-2 and -4 by ELISA in the media from HAECs treated with high glucose for 24 hours. The results showed a dose-dependent increase in both BMP-2 and -4 ( Figure 2A ). We then examined the effect of BMP-2 and -4 in four assays sensitive to BMP activity, BMP-stimulated ALP activity (early osteogenic marker) and calcium accumulation (late osteogenic marker) in calcifying vascular cells (CVCs), and proliferation and tube formation in bovine aortic endothelial cells (BAECs). We prepared conditioned media from glucose-treated (5.5 to 22 mmol/L) HAECs that had been transfected with scrambled control siRNA or siRNA for BMP-2 or -4 to specifically deplete the respective BMP in the media. CVCs were incubated with the conditioned media from the glucose-treated HAECs, and ALP activity and calcium accumulation were measured after 2 and 8 days, respectively. The results showed that both ALP activity and calcium accumulation progressively increased with media from control HAECs and that the effect was abolished by Noggin, an inhibitor of both BMP-2 and -4 ( Figure 2B ). Depletion of BMP-2, but not BMP-4, abolished the effect ( Figure 2B , left), suggesting that BMP-2 is a stronger stimulator of osteogenesis than BMP-4. CVCs treated directly with increasing concentrations of glucose did not show increases in ALP activity or calcium accumulation compared with controls (data not shown). We used the same conditioned media for the angiogenesis assays. BAECs were incubated with the conditioned media and cell proliferation was determined by 3 H-thymidine incorporation. The results showed that proliferation progressively increased with media from control HAECs and that the effect was abolished by Noggin ( Figure 2C , left). Depletion of BMP-4, but not BMP-2, also abolished the effect ( Figure 2C , left), suggesting that BMP-4 is a stronger angiogenic factor than BMP-2. Depletion of BMP-4 also depleted VEGF in the conditioned media ( Figure 2C , left), suggesting that the angiogenic effect of BMP-4 was mediated by VEGF. The same conditioned media were used for tube formation assays in Matrigel. Tube formation increased in media from control HAECs, but was abolished with Noggin and depletion of BMP-4 in the glucose-treated HAECs ( Figure 2C, right) . Together, the results suggest increased BMP secretion in glucose-treated ECs, and that BMP-2 and -4 have differential effects on osteogenesis and angiogenesis, respectively.
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Effect of the Hyperglycemia on Expression of ALK1, ALK2, MGP, and VEGF Is Coordinated
We previously found that BMP-4 stimulates expression of MGP and VEGF by increasing expression of ALK1 and ALK2 receptors, 18 -20 and that ALK1 is induced through ALK2, but not the other way around. 20 We compared the time course and coordination of BMP-4, ALK1, ALK2, MGP and VEGF to those of BMP-2, ALK3, ALK6, BMPRII and Noggin. First, we performed time course experiments by treating HAECs with 16.5 mmol/L glucose for up to 24 hours. Samples were collected every 4 hours, and gene expression was determined by real-time PCR. This revealed that glucose progressively stimulated expression of BMP-4, ALK1, ALK2, MGP, and VEGF for up to 24 hours ( Figure 3A ). However, expression of BMP-2, ALK3, ALK6, BMPRII, and Noggin exhibited a different time course with a rapid increase between 16 and 20 hours ( Figure 3A) .
We next used siRNA techniques to selectively deplete BMP components and examine the effect of glucose stimulation on the expression of ALK1, ALK2 (both induced by BMP activity 18, 20 ), ALK3, and BMP-4. We used a glucose concentration of 16.5 mmol/L, which gave significant stimulation in previous experiments without being excessively high. Scrambled siRNA was used as control. Depletion of BMP-4, ALK1, ALK2, ALK3 and BMPRII abolished the glucose-induced ALK1 expression, whereas depletion of BMP-2, ALK6, Noggin and VEGF did not ( Figure 3B ). Depletion of the same factors, except for ALK1, also abolished the glucose-induced ALK2 expression ( Figure 3B ). Depletion of MGP increased expression of ALK1 and ALK2, consistent with its role as a BMP inhibitor. 32 Although Noggin is also a BMP inhibitor, its depletion did not alter the expression of ALK1 and ALK2, suggesting differences in BMP affinity or cell-specific function between Noggin and MGP. Glucose-induced expression of BMP-4 and ALK3, however, was unaffected by depletion of any of the genes except for BMP-4 and ALK3, respectively. Thus, the induction of ALK2, ALK1, MGP, and VEGF is coordinated in glucose-treated HAECs, where it is stimulated by BMP-4, but not BMP-2. Furthermore, our results suggest that ALK3 mediates the induction of ALK2, which in turn mediates the induction of ALK1. BMPRII signals together with ALK1, ALK2, ALK3, and ALK6, 17, 19 and the depletion of BMPRII may affect signaling through all these receptors.
Diabetes Mellitus Induces Aortic Expression of BMP Ligands, Inhibitors, and Receptors in Ins2 Akita/؉ and db/db Mice
To examine whether hyperglycemia activates vascular expression of BMP ligands, inhibitors and receptors in vivo, we took advantage of the Ins2 Akita/ϩ and db/db diabetic mouse models. Heterozygous Ins2 Akitaϩ/Ϫ mice become spontaneously diabetic because of a mutation in one allele of the insulin-2 gene with a progressive decrease in insulin levels, 29, 30 whereas homozygous db/db mice develop obesity and diabetes because of a mutation in the leptin receptor. 3 To determine aortic BMP expression, we prepared aortas from heterozygous Ins2 Akita/ϩ mice, homozygous db/db mice and wild-type (wt) littermates aged 20 weeks, when serum glucose was significantly increased in both types of mice (Online Table I ). Aortic expression of BMP ligands, inhibitors and receptors was determined. The results showed that expression of BMP-2, BMP-4, MGP, Noggin, ALK1, ALK2, ALK3, ALK6, BMPRII, and VEGF was significantly increased in both Ins2 Akita/ϩ mice and db/db mice, as determined by real-time PCR ( Figure 4A and 4B), immunoblotting ( Figure  4C and 4D) , and immunofluorescence for MGP ( Figure 4E ). To examine the localization of the expression of the different BMP components in the vascular wall, we selected the Ins2 Akita/ϩ mouse and compared it to littermate controls. We colocalized expression of BMP-2, BMP-4, ALK1, ALK2, ALK3, ALK6, BMPRII, Noggin, MGP, and VEGF with that of smooth muscle ␣-actin, a marker of the medial SMCs, using immunofluorescence. The results revealed that BMP-4, ALK2, ALK1, and MGP, which showed coordination in HAECs, were detected mainly in the endothelium ( Figure  4F ), whereas BMP-2, Noggin, ALK3, ALK6 and BMPRII were detected throughout the aortic wall (Online Figure I) . VEGF was detected throughout the aortic wall, suggesting induction through multiple pathways. Together, the results suggest that diabetes induces vascular BMP expression, which may contribute to vascular disease. 
Diabetes Mellitus Induces Aortic Expression of BMP Ligands, Inhibitors, and Receptors in HIP Rats
The so-called HIP rats progressively develop diabetes because of overexpression of the human islet amyloid polypeptide in the pancreatic ␤-cells, leading to a progressive apoptosis of ␤-cells, and is a model of type 2 diabetes. 28 To determine whether aortic BMP expression is induced also in these animals, and how expression correlates with the development of diabetes, we prepared aortas from HIP rats and littermate controls aged 3, 6, and 12 months. We found that expression of BMP-2, BMP-4, MGP, Noggin, ALK1, ALK2, ALK3, ALK6, BMPRII, and VEGF progressively increased as the glucose levels increased, as determined by real-time PCR, immunoblotting and immunofluorescence for MGP ( Figure 5A and 5B) . The glucose levels were already significantly increased after 3 months compared with controls, and peaked after 12 months (Online Table II ). In the case of BMP-4, ALK2, ALK1, and MGP, the expression was lower at 12 months than at 6 months, but still increased compared with control ( Figure 5A and 5B) . The results support that vascular induction of BMP components is part of the development of diabetes also in rats and occurs at relatively modest levels of hyperglycemia.
Increased BMP Activity in Diabetic Vascular Wall and Serum
Because aortic expression of BMPs, receptors and inhibitors was induced to varying degrees, we determined the overall BMP activity in tissue using immunoblotting for phosphorylated (p)SMAD1/5/8 and compared with pSMAD2/3, which show TGF-␤ activation, and total SMAD. Protein extracts were prepared from aortas of Ins2 Akita/ϩ and db/db mice aged 20 weeks, and from HIP rats aged 3, 6 and 12 month, and subjected to immunoblotting. The results showed that pSMAD1/5/8 levels were increased in both mouse models ( Figure 6A) , and in HIP rats where they increased with age ( Figure 6B ). Furthermore, we confirmed the levels of pSMAD1/5/8 in mice and HIP rats using immunofluorescence and immunohistochemistry, respectively, and found that the levels increased similarly throughout the vascular wall ( Figure 6C and 6D) . The results support that the vascular BMP activity is increased in diabetes. In addition, serum levels of BMP-2 and -4 increased progressively in the HIP rats, resulting in greater ability to induce BMP-dependent osteogenesis in CVCs (Online Figure II) . 12 months (B and D) , as determined by immunoblotting for pSMAD1/ 5/8 (A and  B) , immunofluorescence (C), and immunohistochemistry (D) and compared with wild-type animals. PSMAD1/5/8 was compared with pSMAD2/3, which show TGF-␤ activation, and total SMAD.
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Diabetes and Increased BMP Activity Is Associated With Vascular Calcification
To determine whether the diabetic animals had vascular calcification, we compared expression of osteogenic markers and calcium accumulation in diabetic and control aortas. We found strong induction of Cbfa1 and Osterix, essential transcription factors in bone, 33 in both Ins2 Akita/ϩ and db/db mice aged 20 weeks, and in HIP rats aged 3, 6, and 12 months, as determined by immunoblotting ( Figure 7A and 7B) . Expression of osteopontin, a multifunctional glycoprotein in bone, 33 was also increased ( Figure 7A and 7B) . Total aortic calcium was significantly increased in the mouse models, and at 12 and 18 months of age in HIP rats compared with controls ( Figure 7C ). The calcium mineral and cartilage-associated mucopolysaccharides were easily visualized in the mouse models using Von Kossa and Alizarin Red staining for mineral, and Alcian blue staining for mucopolysaccharides ( Figure 7D) . The calcium was observed along the elastic lamellae, resembling medial calcification. In the HIP rats, however, only small punctate calcifications were seen (data not shown) even though the thickness of the aortic media had increased significantly at 6 and 12 months of age compared immunoblotting (B) , and immunofluorescence (for MGP) (C). Asterisks indicate statistically significant differences in MGP tg/wt and MGP tg/wt ; Ins2 Aktiat/ϩ mice compared with wild-type and Ins2 Akita/ϩ mice, respectively: *PϽ0.05, ***PϽ0.001 (Tukey test). D, Aortic BMP activity in wild-type, MGP tg/wt , Ins2 Akita/ϩ , and MGP tg/wt ;Ins2 Aktiat/ϩ mice, as determined by immunoblotting for pSMAD1/5/8. E, Aortic BMP activity in wild-type, MGP tg/wt , Ins2 Akita/ϩ , and MGP tg/wt ;Ins2 Aktiat/ϩ mice aged 20 weeks, as determined by immunofluorescence for pSMAD1/5/8, and compared with pSMAD2/3 and total SMAD. F, Aortic expression of osteogenic markers in wild-type, MGP tg/wt , Ins2 Akita/ϩ , and MGP tg/wt ; Ins2 Aktiat/ϩ mice, as determined by immunoblotting. G, Total calcium accumulation in wild-type, MGP tg/wt , Ins2 Akita/ϩ , and MGP tg/wt ;Ins2 Aktiat/ϩ mice (nϭ3 mice in each group). Asterisks indicate a statistically significant difference between the MGP tg/wt ;Ins2 Aktiat/ϩ mice and the Ins2 Akita/ϩ mice. ***PϽ0.001 (Tukey test). H, Calcium mineral and cartilage-associated mucopolysaccharides in MGP tg/wt , Ins2 Akita/ϩ , and MGP tg/wt ; Ins2 Aktiat/ϩ mice, as determined by histochemical staining.
with controls ( Figure 8E ). Together, the results support that the increased BMP activity in diabetic mice and rats is associated with increased vascular calcification. Because high phosphate levels are known to enhance vascular calcification, 6 we determined serum phosphate in all animals. The phosphate levels did not differ significantly between animals (Online Tables I and II) .
Enhanced BMP Inhibition Limits Diabetic Vascular Disease in the Ins2 Akita/؉ Mice
To determine whether enhanced BMP inhibition would limit diabetic vascular disease, we generated MGP tg/ wt;Ins2
Akita/ϩ mice with a transgene for MGP, which efficiently inhibits BMP-2 and -4. 14, 32 We compared them with the wild type, MGP tg/wt , and Ins2 Akita/ϩ mice at age 20 weeks. The MGP transgene did not affect serum glucose or phosphate levels (Online Table III ). We compared aortic expression of BMPs, receptors and inhibitors, BMP activity, osteogenic expression, and calcification. The results revealed increased aortic expression of MGP, as determined by real-time PCR and immunofluorescence, Ϸ3fold in the MGP tg/wt mice and the Ins2 Akita/ϩ mice, and 8-fold in the MGP tg/wt ;Ins2 Akita/ϩ mice as compared with wild type (Figure 8A and 8C) . Immunofluorescence also revealed that the increased MGP was predominantly found in proximity to the endothelium. The expression of ALK1, ALK2, and VEGF was significantly decreased in the MGP tg/wt ;Ins2 Akita/ϩ mice compared with Ins2 Akita/ϩ mice, as determined by real-time PCR and immunoblotting ( Figure 8A and 8B) . The high MGP level also led to less aortic BMP activity, as determined by immunoblotting and immunofluorescence for pSMAD1/5/8 9 ( Figure 8D and 8E), demonstrating that more BMP inhibition shifted the balance in overall vascular BMP activity. We also detected less expression of Cbfa1, osterix, and osteopontin when MGP was high, as determined by immunoblotting ( Figure 8F ). Finally, there was less aortic calcium mineral and cartilage-associated mucopolysaccharides, as determined by total aortic calcium ( Figure 8G ) and histochemical staining ( Figure 8H) . Thus, increased BMP inhibition as mediated by enhanced MGP expression decreased total BMP activity and prevented vascular osteogenesis and calcification caused by diabetes.
Discussion
In this study, we demonstrate that hyperglycemia and diabetes are strong activators of the BMP signaling system in endothelial cells in vitro and the aortic wall in vivo. High vascular BMP activity was found in 3 diabetic animal models and was associated with a remarkable increase in expression of osteogenic markers and medial calcification. This was largely prevented by enhancing BMP inhibition using a MGP transgene, which caused a decrease in total BMP activity.
Our results are consistent with previous reports on increased vascular expression of BMP-2, -7, and the BMPRII in early autoimmune diabetes in mice, 25 and increased aortic expression of BMP-4 as diabetes progresses in db/db mice. 26 An increase in endothelial BMP-2 in the adventitia may also be instrumental in promoting osteogenic differentiation in aortic myofibroblasts by augmenting the BMP-2/Msx2-Wnt pathway as has been reported for diabetic low-density lipoprotein receptor-null mice by Al-Aly et al. 27 In contrast, we did not detect increased expression of BMP components in HASMCs when treated with high glucose, even though previous studies show increased BMP-2 secretion from bovine SMCs treated with high glucose for 48 hours. 24 In addition, CVCs did not show enhanced ALP activity or calcium accumulation even if treated with high glucose for up to 10 days. The differences may be attributable to variations in cell systems or timing of treatment.
Our results point to a role for the endothelium in preventing vascular calcification. The enhanced MGP expression in MPG tg/wt and MPG tg/wt ;Ins2 Akita/ϩ mice was mainly found in the endothelium even though calcification was prevented in the media. Endothelial BMP-4 has been shown to be important in mediating atherogenic stimuli such as disturbed flow and increased oxidative stress, 11, 12 and it is possible that it is also an initiating factor for medial calcification. However, the exact mechanisms of endothelial-medial crosstalk responsible for such effects will require further studies. Other investigators have found that BMP-2, which in our experiments is expressed in both the endothelium and the media, is an important inflammatory cytokine in the endothelium. 12 It is also inhibited by MGP. However, it is possible that Noggin is more important for inhibiting BMP-2 based on similar distributions of BMP-2 and Noggin in the vascular wall. The findings that depletion of BMP-4 abolished the proangiogenic effects of conditioned media from glucose-treated HAECs, whereas depletion of BMP-2 abolished the procalcific effects further support that BMP-2 and -4 have distinct vascular roles despite their molecular similarities.
There appears to be a hierarchy in how BMP/TGF-␤ receptors are used in vascular cells. The finding that ALK3 is responsible for induction of ALK2 adds to our previous observations that ALK2 and ALK1 are responsible for induction of ALK1 and ALK5, respectively. 19, 20 Thus, the BMP/TGF-␤ receptors appears to be used in the order ALK3, ALK2, ALK1 and ALK5, where each receptor may correlate to a specific stage in vascular growth and development.
Aortic calcium increased in all animals as diabetes developed. It occurred later in the HIP rats, suggesting that rats are more resistant to vascular calcification. The calcification pattern in Ins2 Akita/ϩ and db/db mice was distinct, following the elastic lamellae and resembling that of medial calcification considered characteristic for diabetes. Indeed, our studies showed that both Ins2 Akita/ϩ and db/db mice are new models of diabetic vascular calcification and would be suitable for testing interventions aimed at diabetic vascular disease. We did not detect any significant development of atherosclerotic lesions during the study period. An advantage with the animal models used in this study is that they develop diabetes spontaneously, thus avoiding toxic effects of streptozotocin or other agents used to induce diabetes, which might interfere with organ or stem cell function and make the results difficult to interpret.
Considering that the vascular endothelium altogether is a very large organ, it is interesting to speculate whether it also provides feedback for the pancreatic islet cells. Goulley et al 34 recently reported that BMP-4 improves insulin sensitivity in pancreatic islet cells. Autocrine BMP-4 maintained healthy insulin secretion and could be replaced by BMP-4 infusion. Thus, BMP-4 derived from the endothelium may have a physiological role in modulating insulin secretion in the pancreas, and persistently high levels of BMP-4 in vascular tissues or serum may be early signs of diabetes.
In summary, BMP signaling is strongly activated in the diabetic vessel wall and associated with vascular calcification. Lowering BMP activity by means of an MGP transgene limited the calcification, suggesting that vascular BMP inhibition may be a new strategy for treating diabetic vascular disease.
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